Appln, Filing Date: July 16, 2003 

Title: HEATING ELEMENT CONDITION MONITOR 

Inventors: Kevin B. PECK etal. 

Application Serial No: 10/619,561 Sheet 1 of 19 



104 




Fe = 72.2% CR = 22.0% Al = 5.8% 



01 



FIG. 1 



206 




104 




Fe = 72.2% CR = 22.0% Al = 5.8% 



208 



01 



FIG. 2 



Appln. Filing Date: July 16, 2003 ^ 

TITLE: HEATING ELEMENT CONDITION MONITOR 

Inventors: Kevin B. PECK et al. 

Application Serial No: 10/619,561 Sheet 2 of 19 



10.00 




-(1 0.00) H 1 1 1 1 

0 500 1000 1500 2000 

Time (hours) 

FIG. 2A 



40 




Time (hours) 



FIG. 2B 



Appln. Filing Date: July 16, 2003 

Title: HEATING ELEMENT CONDITION MONITOR 

INVENTORS: KEVIN B. PECK ET AL. 

Application Serial No: 10/619,561 Sheet 3 of 19 



j 



DETERMINING 
MATERIAL 
CHARACTERISTIC(S) 



I 



301 



SETTING 
CHARACTERISTIC(S) 
AS A REFERENCE 
BASELINE 



1 



303 



MONITORING 
CHARACTERISTIC(S) 



I 



305 



DETERMINING 
CHANGES AS 
COMPARED WITH 
REFERENCE 
BASELINE 



307 




SIGNAL WHEN 
THRESHOLD MET 



311 



FIG. 3A 



Appln. Filing Date: July 16, 2003 

TITLE: HEATING ELEMENT CONDITION MONITOR 
INVENTORS: KEVIN B. PECK ET AL. 

APPLICATION SERIAL NO: 10/619,561 SHEET 4 of 19 



INSTALL 
HEATING 
ELEMENT 



298 



DETERMINE 
INITIAL COMPOSITION 
CjATTIMETj 



I 



300 



SELECT AT 
LEAST ONE 
CHARACTERISTIC 



1 



302 



COLLECT 
COMPOSITION 
DATA AT T s 



304 



COMPARE INITIAL 
COMPOSITION Cj 
AT Tj AND C s AT T s 



306 




PROVIDE SIGNAL 



310 



FIG. 3B 



Appln. Filing Date: July 16, 2003 

TITLE: HEATING ELEMENT CONDITION MONITOR 

i Inventors: Kevin B. PECK etal. 
Application Serial No: 10/619,561 Sheet 5 of 19 



2.0 



1.9 



1.8 



1.7 - 



1.6 - 



1.5 



1.4 



1.3 



1.2 



1.1 



1.0 



0.9 



0.8 




0 



200 



400 



600 800 
Temp. °C 



1000 



1200 



1400 



FIG. 3C 



Appln. Filing Date: July 16, 2003 

TITLE: HEATING ELEMENT CONDITION MONITOR 

Inventors: Kevin B. PECK et al. 

Application Serial No: 10/619,561 Sheet 6 of 19 



2.0 



1.9 - 



1.8 - 



1.7 



1.6 - 



1.5 



1.4 



1.3 - 



1.2 



1.1 



1.0 



0.9 



0.8 




0 



200 



400 



600 800 
Temp. °C 



1000 



1200 1400 
Temp. C 



FIG. 3D 



Appln. Filing Date: July 16, 2003 

i TITLE: HEATING ELEMENT CONDITION MONITOR 

j Inventors: Kevin B. PECKetal. 

i Application Serial No: 10/619,561 Sheet 7 of 19 




CNI 



CD 



CO 



CO 



LO 



a: 

X 

< 



CO 



CO 



CM 



CNJ 
i 



CO 



CO 



LO 



CO 



CNJ 



o 

< 



Appln. Filing Date: July 16, 2003 

| TITLE: HEATING ELEMENT CONDITION MONITOR 

; Inventors: Kevin b. PECK etal. 
Application Serial No: 10/619,561 Sheet 8 of 19 



Hot Cold Resistance Remaining 



Time 


Resistance 


Resistance 


Ratio 


Alloy 


Ti 


R h1 




X R1 


Ari 


T 2 


R h2 


R c2 


X R2 


A R2 




R h3 


R c3 


X R3 


A R3 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


T 

1 n 


R hn 


R cn 


X Rn 


A Rn 


400 


402 


404 


406 


408 



FIG. 4 



Appln. Filing Date: July 16, 2003 ^ 

TITLE: HEATING ELEMENT CONDITION MONITOR 

Inventors: Kevin b. pecketal. 
Application Serial No: 10/619,561 Sheet 9 of 19 



CO 

to 



J 



CD 
LO 



oc 



CO 
LO 



44 44 44 



o 

< ai 



>- 



CO — I 

Q ^ 

CO < 

ZD CL 



i 

5 

DC 
X 



cc oo 



3o 














to 




Q 






< 


d 






(5 












< 


Q_ 






Q 


< 




CO 



CNJ 

CD 

to 




Z CJ3 

lis 

o w 

to 



<c 
I— 



► 



< 

CO 









o 










to 


ND 




Q 

LU 


o 




1 








1 — 


tD 




LU 


■ 

DC 


| 


LU 


BA 











LJ 
to 



0 



to 



DC 





CI3 



Appln. Filing Date: July 16, 2003 

TITLE: HEATING ELEMENT CONDITION MONITOR 

Inventors: Kevin B. peck et al. 
Application Serial No: 10/619,561 Sheet 10 of 19 



i — v j 




CD 



Appln. Filing Date: July 16, 2003 ^ 

TITLE: HEATING ELEMENT CONDITION MONITOR 
INVENTORS: KEVIN B. PECK ETAL. 

APPLICATION SERIAL NO: 10/619,561 SHEET 11 of 19 






J 



D1 

+24VDC 0— W 



C0SEL#ZTW32412 
ALLIED #800-2780 
+/-1 30MA MAX 



REF02CP 



24V RTN 0" 





+5V REF 



+5V REF 
ADC0804LCN A 



A/D C0NV 



19 



•3.9K 

330pF l*1M04599 
ALLIED #71 1-1522 ^ * 



LEAD SPO.V 



VR 

ELEMENT R<|> 
FROM FIG. 6 



ANALOG INPUT 



0.1 |aF£ 
918-904556 



GND 



CLOCK 



1KHZ 



+ 5V REF 




6.8K > 



-vv- 



C9± 
0.1 |aF^ 



3_5 



2£4C09^j> 
74C00 




74HC14 74HC14 



ALLIED# Vref 
288-0614 Vref/2 


CLKR 
CLK IN 


DB7 


DB6 
DB5 
DB4 

DB3 


DB2 
DB1 
DBO 


Vin+ 


AGND 


Vin- 


DGND 
CS 


WR 


RD 


INTR 






20 



0.1 LiF 
<Mt— > 



8 



10 



v 




SAMPLE CLOCK 



74HC14 ELEMENT AQIVE 



24V 



SCR ON |0l- 



o 
I 



R17 
4.7K 



JP2 750QR15 
w 



U10 +5V<H^nSCR0N +5Vref 
AQV214E LED,RED| 3 3 OQ jm 

K 

2 5 



COM 0 



5V 




24V 



Rh QUAL 
COM 



R18 
4.7K 

AAA 




_TL 



un - +5V-*-@h Rh QUAL ™£ 
A QV214 E LED,RED|33o q ^ 4 



JP2 750QR15 




5V 




1 



Q74C00> 




24V 



Rl QUAL |0] 
COM |0 



R19 
4.7K 



-w < - 



U12 -+5V<-^fhRIQUAL 74_HC14 
AQV214E LED ' RED S330 Q 



JP2 750fiR15 
w 



5V 





l |74C0p> 



Appln7Filing Date: July 16, 2003 
TITLE: HEATING ELEMENT CONDITION MONITOR 
1 INVENTORS: KEVIN B. PECK ET AL. 
APPLICATION SERIAL NO: 10/619,561 SHEET 12 of 19 






REF03CP 




2 - 



6 +2.5VREF 3 



+2.5V 




74HC374 



+5V REF 

A 



v 7 



8 



13 



14 



17 



CLK 



GND 



20 



-15V 



+ 15V A 



A 



13 





5 


6 




6 


7 




9 


8 


12 


9 


15 1 


0 




6 1 


1 


- 


9 


2 



15=2= 0.01 jaF 



B1 MSBV+V- Cc 



DAC-08 



B2 
B3 
B4 
B5 

B7 REF 
B8 LSB l+ I- Vic 



2.5K,0.1%,1/4W 
Vv 



2.49K,1% 
+ 15V 



10 



0.1 jaF 



14| 15| 1| 

T V V 




TO FIGS. 
FS=5V 8A&8C 

° =0V — d>Rh 



+5V REF 

A 

2.5K,0.1% 
MILLS RESISTOR 
MR100-1-2.5K-+/-0.1% 
A/V 



8-905085 

ELEMENT Rh 
TO COMPARATOR 

CIRCUIT 
0-5V=0-5 OHMS 



2.49K,1% 



74HC374 



+5V REF 

A 



-15V 



1 



7 
3 



11 



14 



17 



CLK 



GND 



20 



2.5K,0.1%,1/4W 

w 





5 


6 




6 


1 




9 


8 




2 9 




5 


10 


16 




19 


12 



B1 MSBV+V- Cc 

B2 Io 
B3 

B4 DAC-08 



10 



0.1 (aF 



+5V 
A 




B7 REF 
B8 LSB l+ I- Vic 



+5V REF 

A 

2.5K,0.1% 
MILLS RESISTOR 
MR100-1-2.5K-+/-0.1% 
W 



TO FIGS. 
FS=5V 8B & 8C 

^-h2>r. 

8-905085 

ELEMENT R| 
TO COMPARATOR 

CIRCUIT 
0-5V=0-5 OHMS 



-r>0 — ' 



330 

-*\AA- 



2.49K,1% 



) L q' RED © s R| SAMPLING 



74HC14 



+5V 




LED, RED, . x _ «.»«r^i ■us* 
330 Q ^ s R h SAMPLING 



74HC14 



; Appln. Filing Date: July 16, 2003 

1 TITLE: HEATING ELEMENT CONDITION MONITOR 

Inventors: Kevin B. PECK et al. 

Application Serial No: 10/619,561 Sheet 13 of 19 



CO 



XX 

mm 





no 
o 




O r- 



LT> 
+ 



<J — AMr |l« 



m] hi Q- u 



i.t 



Appln. Filing Date: July 16, 2003 

TITLE: HEATING ELEMENT CONDITION MONITOR 

Inventors: Kevin B. PECKetal. 

Application Serial No: 10/619,561 Sheet 14 of 19 



CO 



/ * \ 



t t 





or rvi \ 




CO 



in 
+ 




00 

GO 




CO 
LO 



e5 



+ 



+ 
oo 




uiu O u 



♦ '4 



Appln. Filing Date: July 16, 2003 

Title: HEATING ELEMENT CONDITION MONITOR 

Inventors: Kevin b. PECK et al. 

Application Serial No: 10/619,561 Sheet 15 of 19 



J 



QC 

X 



CO 



0^ 



DC rvj *\ 




LO 
+ 




o — Mat-||' 



CXI LL. 



LO - 



HI — |l* 



>< 

o 
i 



lt><3 — o 
+ 



CO 
I 

CO 

+ 











CXJ 












rvj 






m 












CD 












PY 


















CNJ 








X 




X 





I — II — ){. 



o 

CO 
LO 



Z 7 



CJ 



-r- co 
<J3 CO 



cd 



o cc 





U 



C-> 



^ CO 

O CO 



ci5 



O 



5; 



1.05 



1.04 - 



1.03 - 



Appln. Filing Date: July 16, 2003 

TITLE: HEATING ELEMENT CONDITION MONITOR 

Inventors: Kevin B. PECKetal. 

Application Serial No: 10/619,561 Sheet 16 of 19 



FIG. 9 




1400 



1.3 



1.2 - 



1.1 - 



1 



0.9 



0.8 




0 



200 



400 



600 800 

FIG. 10 



1000 1200 1400 



Appln. Filing Date: July 16, 2003 

TITLE: HEATING ELEMENT CONDITION MONITOR 
INVENTORS: KEVIN B. PECK ETAL. 

Application Serial No: 10/619,561 Sheet 17 of 19 



1.3 



1.2 - 



1.1 - 



1 



0.9 - 



0.8 




0 



200 400 600 800 1000 1200 1400 



FIG. 11 



1.3 



1.2 - 



1.1 - 



1 



0.9 - 



0.8 




0 



200 400 



600 800 1000 

FIG. 12 



1200 1400 



i. 



Appln. Filing Date: July 16, 2003 

Title: HEATING ELEMENT CONDITION MONITOR 

INVENTORS: KEVIN B. PECKETAL. 

Application Serial No: 10/619,561 Sheet 18 of 19 



1.3 



1.2 



1.1 - 



1 



0.9 - 



0.8 




0 



200 



400 



600 



800 



1000 1200 



1400 



FIG. 13 



* 



Appln. FilingDate: July 16, 2003 

TITLE: HEATING ELEMENT CONDITION MONITOR 

Inventors: Kevin B. PECK et al. 

Application Serial No: 10/619,561 Sheet 19 of 19 



j 



(O) diuei 8J|M 



CD 
CO 



CM 



CO 




O 
CNJ 



OO 



CO 



CNJ 



CD 



CD 



LO 



O 

CD 

0) 
Q. 

E 

CD 



